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(54) Method for isolating ribonucleic add 

(57) A method for isolating a ribonucleic add, which 
comprises dissolution of a sample containing the ribo- 
nucleic acid, such as cells, in an acidic solution contain- 
ing a lithium salt and a chaotropic agent, bringing the 
ribonucleic acid into contact with a nucleic acid-binding 
carrier such as silica particles, thereby to allow selective 
adsorption of the ribonucleic acid alone onto said car- 
rier, and eluting the ribonucleic add from the nudeic 
acid-bound carrier; a reagent therefor; and a method for 
producing a cDNA from the ribonudeic add isolated by 
this method. According to the present invention, a high 
purity ribonudeic acid can be isolated quickly and safely 
from a sample containing the ribonudeic acid. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

5 The present invention relates to a method for isolating a ribonucleic acid and a reagent therefor. More partcularly, 
the present invention relates to a method for isolating a ribonucleic acid with high purity in a simple and convenient man- 
ner from a sample containing said ribonucleic acid by the use of a nucleic acid-binding carrier, and to a reagent therefor. 
The present invention can be also applied to an automatic nucleic acid extraction device. 

70 BACKGROUND OF THE INVENTION 

A deoxyribonucleic add (DNA) constitutes the genome carrying the information of life. A ribonucleic add (RNA) is 
an important biological polymer which receives such irtformation and is involved in protein biosynthesis and the like in 
the body The ribonudeic add is largely divided into a messenger RNA (mRNA), a transfer RNA (tRNA) and a ribosomal 
15 RNA (rRNA), and each has distinct properties. There are some viruses that utilize a ribonucleic acid as the genome car- 
rying the information of Bfe. 

An analysis of ribonucleic acid provides extremely important information for the fields of biochemistry, genetic engi- 
neering, clinical diagnostics and the like. Isolation of ribonucleic acid from a biological material is an essential step for 
such analysis. It is necessary to use a ribonudeic add having a highest possible purity to achieve good results in anal- 
, 20 yses, such as northern Wot analysis, reverse transaiption-polymerase chain reaction (RT-PCR) and the like, which are 
routinely used in these fields. 

In generality, a ribonucleic acid cannot be extracted without rupture of cells, during which stage a ribonucleic acid 
is obtained in a mixture with protein, lipid, sugar, deoxyribonucleic acid and the like. Inasmuch as ribonudeic add is 
easily degraded by a ribonuclease universally found in living prganisms, it is isolated in the presence of a protein dena- 
25 turing agent or in an organic solvent, thereby weakening the activity of the ribonuclease. The most predominantly used 
for this end is a so-called AGPC method (Analytical Biochemistry. 162: 156-159 (1987)). which conprises (1) extracting 
a biological material with a guanidine thiocyanate solution, successively adding an addic solution, a phenol solution 
and a chloroform solution. (2) centrrfuging the resulting mixture to separate proteins denatured with phenol and insolu- 
bilized deoxyribonudeic adds, into an intermediate layer between an organic layer and an aqueous layer. (3) adding 
30 isopropanol to the aqueous layer to insolubilize a ribonucleic add thereia and (4) selectively precipitating the ribonu- 
deic acid alone by centrifugation. The AGPC method is advantageous in that it can isolate ribonucleic acid relatively 
easily and effldently, as compared to other rnethods invdving ultracentrifugation for isdating ribonucleic acid. However, 
it requires a poisonous substance sucfi as phend and chloroform, as well as a rather time-consuming step such as iso- 
propanol precipitation, which in turn gives rise to a need of a safer and tinrei-saving metiiod when a number of samples 
35 are to be treated at the same time In dbmmon research institutions. 

In the meantime, a different, simple and convenient method for extraction of nudeic add has been proposed by 
Boom etal. (J. Clin. Microbiol.. 28(3):495-503 (1990)). which us6s silica particles as a nucleic add-binding can-ier. This 
method includes (1 ) mixing a biological material, a neutral solution consisting of guanidine thiocyanate, EDTA and Triton 
X-100, and a nudeic acid-binding solid ()hase (silica) to bind tiie nucleic add to said solid phase. (2) separating ttie 
40 nudeic acid-bound solid phase from a liquid phase. (3) washing said solid phase with a wash solution containing gua- 
nidine thiocyanate, (4) washing said solid phase with 70% ethanol. (5) washing the solid phase with acetone, followed 
by drying thereof, and (6) eluting the nudeic add with an elueni. This. method characteristically permits isolation of 
nudeic acid without ttie use of a poison such as phenol, or concjentration with isopropanol. The ribonudeic acid 
obtained by tiiis method contains a large amount of deoxyribonucleic acid, which renders ttiis method unsuitable for iso- 
45 lation of ribonucleic add at high purities. " ^ r . . 

As a different isolation metiiod of nucleic acid using a carrier such as silica particles, tiiere has been known a 
method comprising adsorbing a nucleic add in an agarose gel onto the surface of glass partides in an Nal solution and 
separating the nucleic acid from a liquid phase (Proc. fsiati. Acad. Sd. USA. 76: 61 5 ( 1 979)). What is common to these 
methods is that silica and nudeic adc| are bound in a neuti-al solution containing a chaotropic ion (i.e., monovalent anion 
so having greater ionic radius), such as iodide ion and ttiiocyariate ion. These methods, however, mainly aim at isolation 
of deoxyribonucleic add, wherein ribonucleic add may be isolated yet only in low yields, and isolation of ribonudeic acid 
alone is not attainable. Again, these methods are unsuitable tor isolation of rbonudeic acid. 

Another isolation method (lithium precipitation method) of ribonucleic add has been reported, which utilizes a 
chemical property that addition of a lithium ion to an' aqueous ribonudeic acid solution leads to insolubilizalion of ribo- 
55 nudeic acid (Molecular Cloning. 2nd ed.. 1 .40 (1989)). This metfiod, neverttieless. requires centrifugation at high rpm 
to predpitate ribonudeic acid. Thus, development of an isolation mettiod of ribonucleic acid which is free of such diffi- 
culties has been desired. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a method for quicWy and safely isolating a ribonucleic 
acid with high purity in a simple and convenient manner from a sample such as cells, and a reagent therefor. 

As a result of various investigations, there has now been provided a method comprising dissolution of a biologrcal 
material such as cells in an acidic solution containing a lithium salt and a chaotropic agent and bringing same into con- 
tact with a nucleic acid-binding carrier such as silica particles, thereby to greatiy increase the yield and purity fi.e.. 
selectivity) of the isolated ribonucleic acid. 

That is. the present invention provides an isolation metiiod of ribonucleic acnj, which compnses the steps of: 

(1) mixing a sample containing a ribonucleic acid, an acidic solution containing a lithium salt and a chaotropic agent 
and a nucleic acid-binding carrier, to adsorb the ribonucleic acid onto said carrier; 

(2) separating the ribonucleic add-bound canrier from a liquid phase, washing, as necessary, the ribonucleic aad- 
t>ound carrier; and 

15 (3) eluting the rtoonucleic acid from said carrier. 

The present invention also provides a reagent for isolating ribonucleic acid, which comprises: 

(a) a solution (pH not more than 6.0) for dissolution and adsorption, which contains one or more lithium compounds 
selected from the group consisting off Frthium chloride. Irthium acetate, lithium citrate. Irthium carbonate, lithium 
hydroxide and lithium borate and a compound selected from the group consisting of guanidine salt, urea, iodide, 
perchlorate and (iso)ttiiocyanate; , * «j 

(b) a nucleic acid-binding carrier selected from the group consisting of silica cellulose, nitrocellulose, latex and 

hydroxyapatite; ^ .... 

(c) a washing solution containing a compound selected from the group consisting of guanidine salt. urea, iodide. 

perchlorate and fiso)ttiiocyanate; 

(d) a washing solution wrtiich is a buffer having a low salt concentration of not more than 1 00 ml^; and 

(e) a solution for eluting ribonucleic acid from the carrier. 

Another aspect of the present invention is a method for producing a cDNA. which comprises ttie steps of: 

(1) reacting the ribonucleic acid isolated by ttie above-mentioned metiiod or the ribonucleic acid-bound carrier used 
in the above-mentioned method, with a mixture of a reverse transcriptase, a ribonuclease inhibitor. dNTPs. a primer 
tor reverse transaiption and a buffer for reverse transcription: and 

(2) syntiiesizing a cDNA from the ribonucleic acid. 

According to the present invention, a n*bonucleic acid can be isolated from various biological materials quickly and 
safely vwth ease and in high yields. The ribonucleic acid obtained by this method can be used suitably for various anal- 
yses such as northern Wot analysis. RT-PCR analysis and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an agarose gel electrophoresis image of ribonucleic acid isolated from K562 cells by the method of 
the present invention and the method of Boom et al. 

Fig. 2 is an agarose gel electrophoresis image which shows the result of RTPCR, targeting BCR/abI fusion mRNA, 
of ribonucleic acids isolated from K562 and HL60 by the present inventive method. 

Fig. 3 is an electrophoresis image which shows ttie result of RTPCR analysis of HCV RNA isolated from a serum 
by ttie present inventive method. 

50 DETAILED DESCRIPTION OF THE INVENTION 

The sample containing a ribonucleic add in the present invention includes, for example, serum. Wood, cerebrospi- 
nal fluid tissue urine, stool, saliva, semen, cell isolated from a biological material (e.g.. blood), cultured cell, and ttie 
like The ribonucleic acid may include, besides the endogenous ribonucleic add derived from these samples, exogene- 
ous ribonucleic acid derived from virus, bacteria or fungus, ribonudeic add enzymatically synthesized in vitro and oth- 
ers. 

According to the present invention, a sample containing a ribonudeic acid, an addic solution containing a lithium 
salt and a chaotropic agent, and a nudeic acid-binding carrier are mixed to bind the ribonudeic acid to said earner. 
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The acidic solution containing a lithium salt and a chaotropic agent oi the present invention is a solution for disso- 
lution and adsorption of a ribonucleic acid. The lithium salt to be used in the present invention is not subject to any par- 
ticular limitation as long as it can produce a lithium ion in an aqueous solution. Examples thereof include Inorganic 
lithium salts and organic lithium salts such as lithium chloride, lithium acetate, lithium citrate, lithium carbonate, lithium 
hydroxide and IHhium borate, wrth particular preference given to lithium chloride. The lithium salt has been confirmed to 
easily coordinate with ribonucleic acid, as compared with a monovalent cation having a greater ionic radius, such as 
sodium salt. 

A precipitation method for a high molecular weight ribonucleic add. which uses a lithium ion, has been widely used 
(Molecular Cloning, 2nd ed.. 1 .40 (1 989)). According to such methods, lithium ion is used to insolubilize ribonucleic acid 
in a solution, and the insolubilized ribonucleic add is recovered by centrifugation or filtration. In contrast, it is inportant 
In the present Invention to adsort) a ribonudeic acid onto a nupleic acid-binding carrier, such as silica, under the condi- 
tions that do not insolubilize the ribonudeic acid. In so doing, the presence of a protein denaturing (solubilizing) agent, 
^ch as guanidine salt and urea, in a reaction mixture is effective. In fact, in the method of the present invention, a sarrv 
pie is not insolubilized as long as it Is in a suitable amount, whereas when it is used in an extremely large amount, coag- 
ulation of insolubilized conponents may occur. In the present invention, therefore, insolubflized ribonudeic add or other 
insolubilized components should be removed, or the amount of the sample should be reduced. 

By a chaotropic agent is meant a suljstance capable of changing a secondary, tertiary and/or quaternary structure 
without exerting an influence on the primary structure of protein and nucleic add. Examples of the chaotropic agent to 
be used in the present invention indude a compourid selected from the group consisting of guanidine salt urea, iodide, 
perchlorate and Oso)thiocyanate. 

Examples of the guanidine salt to be used in the present invention indude inorganic guanidine salt or organic gua- 
nidine salt generally used for denaturation of a protein, such as guanidine hydrochloride, guanidine acetate, guanidine 
phosphate, guanidine (iso)thiocyanate, guanidine sulfate and guanidine carbonate. Two or more from the above-men- 
tioned salts may be combined, where the guanidine salt preferably has a high concentration of not less than 5 N/l. 

Examples of the iodide to be used in. the present invention Indude sodium Iodide, potassium iodide arKJ the like, 
and examples of perchlorate indude sodium perchlorate. potassium perchlorate. lithium perchlorate and ammoniurr} 
perchlorate. The (lso)thiocyanate is exemplified by sodium (lso)thiocyanate. potassium (iso)thiocyanate and ammonium 
(iso)thiocyanate. 

The solution for dissolution and adsorption can contain a surfactant to disrupt plasma membrane and/or solubliize 
Intracellular proteins. The surfactant Is subject to no particular limitation as long as it can be generally used to extract a 
nudeic acid from cells and the like. Spedf ic exanples thereof include non-ionic surfactant, such as Triton surfactant and 
Tween surfactant, and anionic suriactarrt, such as sodium N-laurpylsarcosinate. In the present Invention, a non-ionic 
surfactant is preferably contained In a^roportion of 0.01 -0.5%. 

For the purpose of protecting the ribonudeic acid ifrom ribonudease. an antioxidant such as 2-mercaptoethanol 
and dithiothreitol. may be added to the solution for dissolution and adsorption. 

A certain kind of sample cannot dissolve in the solution for dissolution and adsorption of the present invention. For 
example, plant, yeast, fungus and certain gram positive bacteria have spedal cell wall structures, which prevent isola- 
tion of ribonucleic add by the method of the present invention; When a ribonucleic acid Is isolated from such a sample, 
each sample Is pretreated (e.g., protpplasted) and then treated by the method of the present invention. 

In the present invention, a sample dissolved in the above-mentioned solution for dissolution and adsorption under 
the addle condition of not more than pH 6.0 is brought Into <;ontact with a nudeic add-binding earner, such as silica 
partides. For this to be achieved, the solution for dissolution and adsorption should be bufferized with a suitable buffer. 
The buffer used here Is subject to no particular limitation as long as it can adjust the pH of the solution for dissolution 
and adsorption to not more than 6,0. In the present Invention, an acetate buffer or dtrate buffer having a pH of 3-4 ts 
most preferably used. , ^ . - , 

The present invention is also characterised by the use of a nudeic acid-binding earner, such as silica, cellulose, 
nitrocellulose, latex and hydroxyapatite, which Is capable of binding wrth a riboriucleic acid in the above-mentioned solu- 
tion for dissolution and adsorption. The term, silica, as used herein indudes cry^lline silicon dioxide and other silicon 
oxides, diatomaceous earth, glass powder and chemicailly nrrodif ied silica. Said nudeic acid-binding carrier may be. for 
example, a conplex of the above-mentioned substance and a supermagnetic metal oxide. Prefen-ed is a silica can-ier 
containing a supermagnetic metal oxide such as trilron tetroxide. The nudeic add-binding earner may have a form of. 
for example, particle, filter, reaction corrtainer and the like, yet is free of particular limitation. Of these, prefen-ed are par- 
tides in view of the efficiency of adsorption and elution. wherein the particle size is appropriately determined from the 
preferable range of 0.05-500 Jim according to use. ' 

The ribonudeic add-bound carrier obtained by the above-mentioned step is isolated from a liquid phase by. for 
example, removing the liquid phase by filtration or centrifugation. Alternatively, a magnetic field Is used to isolate the 
ribonudeic acid-bound can^ier from ttie liquid phase. When the carrier is a filter or a reaction vessel, the liquid only need 
be discharged or removed. 
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The ribonucleic acid-bound carrier obtained by the above-mentioned step is washed by. for example, suspending 
said ribonucleic acid-bound carrier in a suitable washing solution with, for example, a vortex mixer and isolating the car- 
rier from the liquid phase. The ribonucleic acid-bound carrier is preferably isolated by centrifugation, filtration, column 
manipulation and the like. A nucleic acid-binding carrier containing a supermagnetic metal oxide in the particles can be 
5 easily isolated using a magnet and this nrtode is most preferabl& 

The washing solution of the present invention preferably contains a chaotropic agent, preferably a guanidine salt. 
The concentration of the guanidine saK in the washing solution is preferably not less than 6 M. This solution may contain 
a surfactant and is free of any particular limitation with regard.to its pH. 

In the present invention, the ribonucleic acid-bound canrt6r obtained by washing with a washing solution containing 
TO a chaotropic agent, is preferably further washed with a buffer having a low salt concentration. The low salt concentration 
referred to here means a salt cwicentration at which level a reverse transaiption is not profoundly inhibited when this 
buffer is present in the final eluate containing the ribonucleic acid, and water is exemplified. In the present invention, a 
buffer having a concentration of not more than 100 mM Is preferably used, with further preference given to Tris buffer, 
though no limitation is imposed. This solution may contain a surfactant and is free of any particular timitation with regard 

15 topH. . - 

The conventional method using a earner for isolating nucleic acid uses an organic solvent such as ethanol and ace- 
tone at this washing stage, thereby making it necessary to dry the earner. In contrast, a ribonucleic acid can be eluted 
without a drying step in the present invention. This is extremely advantageous in shortening the time necessary for the 
isolation of ribonucleic add, as well as most preferable when preventing contamination caused by being an open sys- 

so tem during drying. The contamination here means cross-contamination between samples and the presence of an 
amplified nudeic add in PGR and the like. Such contamination is considered to be most responsible for erroneous 
judgement in the analytic diagnosis of infections by RT-PCR. 

In the elution step of ribonucleic acid in the present invention, a ribonucleic add is eluted from a nucleic ackJ-bound 
earner onto which the ribonudeic add has been adsorbed. The eluent to be used for this purpose is not particularly lim- 

25 ited as long as it can elute ribonudek; acid from the canrier. Pref«Bble one is Tris-EDTA buffer (10 mf^ Tris buffer. 1 mM 
EDTA, pH 8.0). In addition, heating can accelerate the elution. The heating temperature is not particularly limited in the 
absence of any adverse influence on the ribonucleic acid. Prefened temperature is about 60*C. The ribonudeic add 
eluted this way can be directly used for cDNA synthesis using a reverse transcriptase, without desalting or concentra- 
tion such as dialysis and ethanol predpitatipn. K can be also used for reverse transcription reaction on the ribonudeic 

30 acid-bound earner, without elution fjom the carrier. 

The method for isolating a ribonudae acid of the present invention. enables effident isolation of ribonucleic add 
from a biological component with l^ss contamination of the deoxyribonudeic acid, by a simple operation without using 
a hamiful solvent, so that it can be undoubtedly used for a ribonudeic add purification kit and a nudeic acki extraction 
device which automatically performs preparation of solid phase and dispensing of a reagent. In addition, the ribonudeic 

35 ackj obtained by the method of the present invention can be used for northern blot analysis, or as a template for the 
amplification in RT-PCR analysis. NA$BA method disdosed in EP 0329822. and the like. 

One embodiment of the present invention is a method for isolating a ribonudeic acid, comprising the steps of: 

(1) mixing a sample containing the ribonudeic acid, an qcidic solution (pH not more than 6.0) containing one or 
40 more compounds selected from the group consisting of lithium chloride, lithium acetate, lithium citrate, lithium car- 
bonate, lithium hydroxide and lithium borate, and a compound selected from the group consisting of guanidine salt, 
urea, iodide, perchlorate and. (iso)thiocyanate. and a nucleic acid-binding carrier, particulariy a silica carrier, con- 
taining a supermagnetic metal oxide, to adsorb the ribonucleic ackJ onto sad carrier; 

(2) separating the rbonucleic add-bound carrier fipm a liquid phase using a magnetic field; 

45 (3) washing sakJ ribonudeic acid-bound can-ier with a washing solution containing a compound selected from the 
group consisting of guanidine salt. urea, iodide, perchlorate and (iso)thiocyanate and separating said ribonudeic 
acW-bound earner using a magnetic f jeW; 

(4) washing the carrier with a buffer having a low salt concentration of not more than 100 mM and separating said 
ribonudeic acid-bound carrier using a magnetic field; and 
50 (5) eluting the ribonudeic add with a solution capable of separating the ribonudeic acid from said canrier. 

The reagent for isolating ribonudeic add of the present invention indudes. for example, (a) a solution (pH not more 
than 6.0) for dissolution and adsorption of ribonudeic acid, which contains one or more compounds selected from the 
group consisting of lithium chloride, lithium acetate, lithium citrate; lithium cart^onate. lithium hydroxide and lithium 
55 borate, and a compound selected from the group consisting of guanidine sah. urea, iodide, perchlorate and (iso)thiocy- 
anate, (b) a nudeic acid-bindirig carrier selected from the group consisting of silica, cellulose, nitrocellulose, latex and 
hydroxyapattte. which preferably contains a supermagnetic metal oxide, (c) a washing solution containing a compound 
selected from the group consisting of guanidine salt. urea, iodide, perchlorate and (iso)thiocyanate. (d) a washing sdu- 
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tion which is a buffer having a low salt concentration of not more than 1 DO mM. and (e) an eluent to elute the ribonucleic 
acid from said carrier. 

The method for producing cDNA of the present invention comprises the steps of (1) reacting the ribonucleic acid 
isolated by the above-mentioned isolation method or the ribonucleic acid-bound canier obtained during the above-men- 
5 Honed isolation method, with a mixture of a reverse transcriptase, ribonudease inhibitor. dNTPs, a primer for reverse 
transcription and a buffer for reverse transcription reactioa and (2) synthesizing a cDNA from the ribonucleic acid. 

As the reverse transcriptase, AMV reverse transcriptase. M-MLV reverse transcriptase and Tth DNA polymerase 
can be used. The dNTPs is a mixture of dATR dCTP, dGTP and dTTP. The primer for reverse transcription can be. for 
example, a sequence specific primer, ollga<rr primer, random primer or the like. The buffer for reverse transcription 
w reaction contains inorganic salts such as MgCls. MnClg and KCI and has a pH adjusted to make the reverse transcrip- 
tion reaction optimal. 

The present invention is described in nrtore detail by way of Exanrples, which should not be construed as limiting 
the invention. 

15 Example 1: Extraction of ribonucleic acid from cultured human cell 

(1) Preparation of K562 cells 

The cells of human chronic mylogenous leukemia cell line K562 (ATCC. CCL243) were cultured in an RPWII1640 
20 medium (Nissui Seiyaku) containing 1 0% fetal bovine serum, at 37«C for 3 days, and centrifuged (1 ,000 rpm, 5 min) to 
remove supernatant. The cells were suspended in PBS (-) [137 mM sodium chloride, 2.7 mM potassium chloride, 4.3 
mM disodium hydrogenphosphate. 1.4 mM sodium dihydrogenphosphate. pH 7.4). The cells were counted with a 
hematometer and dispensed In a microtube at 1 x 10^ cells. The supernatant was removed by centrlfugation at 1,000 
rpm for 5 min to give cell pellets to be used as a sample. The same operation of human promyelotic leukemia cell line 
^ HL60 (ATCC. CCL240) gave cell pellets. 

(2) Extraction of ribonucleic add 

(a) To K562 cell and HL60 cell pellets (1x10® cells) prepared in (1) above in microtubes was respectively added 
X 700 Ml of a solution for dissolution and adsorption (6 M guanidine f^rochloride, 1 M lithium chloride. 0.2 M sodium 

acetate-hydrochloride buffer (pH 3.0), 0.1% Triton X-100. 0.1 M 2-mercaptoethanol) and the cells were completely 
ckssolved. Thereto was added a suspension (20 ^il) of magnetic silica part'des (0.5 g/ml. particle size 1 -1 0 pm. con- 
taining triiron tetraoxide partide by 30%. specific surface area 280 crri^/g, surface pore diameter 2-6 nm. pore vol- 
i*ne 0.025 ml/g; manufactured by Suzuki YushI) in water, and mixed with a vortex mixer at room temperature for 2 
mn Then, the microtubes were set on a magnetic stand (MCP-M; manufactured by Dynal) to collect magnetic sil- 
ica particles. The supernatant was removed with a pipette. The microtubes were removed from the magnetic stand 
and 1 ml of a washing solution [6 M guanidine hydrochloride. 0.2 M sodium acetate-hydrochlorkJe buffer (pH 4.0)] 
was added. Using a vortex mixer, the mixture was stined for about 10 seconds and the miaotubes were again set 
on a magnetic stand to collect magnetic silica partides. followed by removal of supernatant. Then, the partides 
^ were washed three times with 1 0 mM Tris buffer (1 ml. pH 6.4), and tiie buffer was completely removed. Tris-EDTA 
txjffer (10 mM Tris buffer, 1 mM EDTA, 50 nl. pH 8.0) was added and the magnetic silica particles were suspended 
by pipetting. Then, the suspension was heated at 60*C for one minute. The microtubes were again set on a mag- 
netic stand to collect magnetic silica particles, and the supernatant was recovered. 

(b) Using said sample and according to the metiiod of Boom et al. (J. Clin. Microbiol., 28(3); 495-503 (1990)), a 
45 ribonudeic add was extracted. A sanple. LB buffer (900 fJ. guanidine thiocyanate 120 g. Tris-HCI buffer (pH 6^4) 

100 ml. 0.2 M EDTA (pH 8.0) 22 ml, Triton X-100 2.6 g) and a silica particle (manufactured by Sigma) suspension 
(40 y\) adjusted to 1 gAnI were mixed and stin*ed at room temperature for 10 minutes. Centrlfugation at 12.000 x g 
for 5 minutes removed the supernatant The precipitates were suspended in an L2 buffer (1 ml. guanidine thiocy- 
anate 120 g, 0.1 M Tris-HCI buffer (pH 6.4) 100 ml), and centrifuged at 12,000 x g for 5 minutes to remove the 
50 supernatant. This washing step was repeated one more time, and the precipitates were washed twice with 70% 
etiianol (1 ml) in the same manner. After washing with acetone (1 ml), the precipitates were dried at 56°C. The 
nucleic acid was eluted with a Tris-EDTA buffer. After heating at 56°C for 10 minutes, silica partides were precipi- 
tated by centrlfugation and the supernatant was recovered. 

55 (3) Analysis of ribonudeic acid by agarose gel electrophoresis 

According to the methods of the present invention and Boom et al.. a ribonudeic add solutbn (9 mI) obtained from 
K562 cell and a dye solution (1 jd. 50% glycerol. 025% bromophenol blue) were mixed and placed in a slot In a 1% 
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agarose gel. Using a Mupid electrophoresis device (manufactured by Ck)smo Bio), the gel was elecUophoresed in 1 x 
TBE buffer (89 mM Tris. 89 mM boric add, 2.5 mM EDTA • 2Na) at 1 00 V for 30 minutes. After electrophoresis, the gel 
was immersed in an ethidium bronmde solution for 30 minutes, rinsed lightly with tap water and subjected to photograph- 
ing of the stained gel under UV irradiation using a Polaroid camera. In this method, the deoxyribonucleic acid (genomic 

5 DNA) derived from cells and two typical ribonucleic adds (28S rRNA and 1 8S rRNA) present in cells in comparatively 
large amounts could be detected. The migration pattern is shown in Fig. 1 wherein lane 1 is a molecular weight niarker 
which was a Hindlll digest of ;i phage DNA, lane 2 is a ribonuclec add isolated by the method of the present invention, 
lane 3 is a ribonucleic acid obtained by the method of Boom et al. As is evident from Fig. 1 , the ribonudeic add (rRNA) 
obtained by the method of the present invention showed a greater yield than the ribonucleic acid obtained by the 

,0 method of Boom et al.. and less contamination of deoxyribonucleic acid. 

(4) Amplification of BCR/abI fusion mRNA by RT-PCR 

Using the ribonucleic acid obtained by the method of the present invention. BCR/abI fusion mRNA specifically 
15 expressed in K562 cell was detected by RT-PCR. To rbonudeic acid solutions (each 5 ^l) derived from K562 cell and 
HL60 cell obtained by the method of the present invention were added M-MLV reverse transcriptase (manufactured by 
TOYOBO), ribonuclease inhibitor (manufactured by TOYOBO), dNTPs, random primer and reaction buffer, to achieve 
an optimal concentration. Twenty jil thereof was treated at 37°C for 1 hour and at 95°C for 5 minutes, and cooled on ice. 
Then, to a mixture of primers to amplify BCR/abI fusion mRNA sequence, dNTPs, reaction buffer and Taq DNA 
20 polymerase (manufactured by TOYOBO) was added 5 |il of the above-mentioned cDNA solution obtained by reverse 
transcription reaction, to make the total amourrt SO yl and a mineral oii (manufactured by Sigma) was superimposed 
thereon. Using a DNA Thermal Cyder (manufactured by PerWn Elmer Cetus). a cyde of reactions at 94*C for 45 sec- 
onds, at 55°C for 45 seconds, and at 72''C for 1 minute was repeated 30 times. 

25 (5) Detection of annplif ication products by agarose gel electrophoresis 

An amplification product (9 ul) and a dye solution (1 mI. 50% glycerol. 0.25% bromophenol blue) were mixed and 
placed in a slot in a 1 .5% agarose gel. Using a Mupid electrophoresis device (manufactured by Cosmo Bio), the gel was 
electrophoresed in 1 x TBE buffer [p vrM Tris. 89 trM boric acid. 2.5 ml^ EDTA • 2NaJ at 100 V for 30 minutes. After 

30 electrophoresis, the gel was immer^ in an ethidium bromide dilution for 30 minutes, rinsed lightly with tap water and 
subjected to photographing of the stained gel under UV irradation Lsing. a Polaroid camera. As a result, a band corre- 
sponding to an amplified fragment derived from BiCR/abI fusion mRNA was acknowledged only when RNA extracted 
from K562 cell was used as a. template, and such band was not found in the case of HL60 cell devdd of expression of 
said gene (Rg. 2). In the migration pattem shown in Fig. 2..lane 1 is a molecular weight marker which was a Hincll 

35 digest of <t>X1 74 phage DNA. lane 2 is an RT-PCR arnpltf ication product frorti rtoonudeic acid derived from K562 cell, 
lane 3 is an RT-PCR amplification product from ribonucleic add derived from HL60 cell. As is evident from Fig. 2. the 
method of the present invention enabled isdation of mRNA from celF samples, and the obtained mRNA suff idently per- 
mitted analysis by RT-PCR. 

40 ExarTTple 2: Detection of hepatitis C virus (HCV) RNA by RT-PCR 

(1) Extraction of HCV-RNAfrom a serum - > 

Serum samples from patients with hepatitis C, which contained 1 x 10^ copies/ml of HCV, were prepared in a dilu- 
45 tion series of 10^. 1 0^. 1 0^ and 10^ copies/rhl by the use of a normal serum. Each serum sample (100 mI) was used for 
extraction of HCV-RNA according to the method of Exannple 1 (2) (a). 

(2) AmplHication of HCV-RNA by RT-PCR 

so The HCV-RNA was analyzed by RT-PCR according to the method of Okamoto et al. (J. Exp. I^ed.. 60: 215-222 
(1990))- To the solution (5 ^l) obtained. in (1) were added M-MLV reverse transcriptase (manufactured by TOYOBO). 
ribonudease inhibitor (manufactured. by TOYOBO). dNTPs. random primer and reaction buffer, to achieve an cptinr^l 
concentration. Ten pi thereof was treated, at 42*C for 1 hour and at 95°C for 5 minutes, and cooled on ice. Then, to a 
mixture of primers to amplrty non-coding region of HCV-RNA. dNTPs. reaction buffer and Taq DNA polymerase (man- 

55 ufactured by TOYOBO) was added 2.5 jii of the above-n:ientiorifed cDNA sdution obtained by reverse transcription reac- 
tion.'to make the final liquid amount 25 pi, and a mineral oil (manufactured by Sigma) was superimposed thereon. Using 
a DNA Thermal Cycler (manufactured by Perkin Elmer Cetus). a cyde of reactions at 94°C for 30 seconds, at 55°C for 
30 seconds, and at 72*C for 1 minute was repeated 30 times. Then, the amplification product (1 jJ) obtained by these 
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reactions was again amplified by 30 cycles of PGR using inner primers; 2 step PGR. 
(3) Detection of annpllf ied DNA with agarose gel electrophoresis 

5 An amplification product (9 ^) and a dye solution (1 ^1. 50% glycerol, 0.25% bromophenol blue) were mixed and 
placed in a slot in a 1 .5% agarose gel. Using a Mupid electrophoresis device (manufactured by Cosmo Bio), the gel was 
electrophoresed in 1 x TBE buffer (89 mM Tris, 89 mM boric acid, 2.5 mM EDTA • 2Na} at 100 V for 30 minutes. After 
electrophoresis, the gel was immersed in an ethidium bromide solution for 30 minutes, lightly rinsed with tap water and 
subjected to photographing of the stained gel under UV irradiation using a Polaroid camera As a result, a specific 

70 anplification band was detected up to a serum of 10^ copies/ml. and ribonucleic acid derived from virus was efficiently 
isolated, which suggested possible analysis by RT-PCR (Fig. 3). In Fig. 3. lane 1 is a molecular weight marker which 
was a Haelll digest of (t»X174 phage DNA. lanes 2-5 are RT-PCR amplification products using ribonucleic acicte 
extracted from sera respectively containing 10^, 10^. 10^ and 10^ copies/ml HCV as templates, lane 6 is an RT-PCR 
amplification piroduct obtained using ribonucleic acid extracted from normal serum as a template. 

IS 

gxarnple 3; Extraction of ribonucleic acid using solutions for dissolution and adsorption having various compositions 

Using solutions for dissolution and adsorption having various compositions shown in Table 1 below and in the same 
manner as in Example 1 (2)(a). nucleic add was extracted from K562 cell line (2x10® cells). Each extract was sub- 
20 jected to agarose gel electrophoresis and the intensity of the band was evaluated in three levels, the results of which 
are shown in Table 1 . In Table 1 . the number of shows the level of intensity of the band, wherein greater numbers of 
V mean more intensive bands. means that a band was not detectable. GuHCI is guanidine hydrochloride, and 
GuSCN is guanidine thiocyanate. 



25 

Table 1 





No. 


solution for dissolution and adsorption 


28S rRNA 


18S rRNA 


Genomic DNA 




1 


5M GuHCI. 1.5M UCI. 0.2M NaOAc-HCI (pH 3.0) 


+++ 


+++ 




30 


2 


5M GuHCI. 0.2M NaOAc-HCI (pH 3.0) 


++ 


++ 


+ 




3 


5M GuHCI, 1.5M UCI. 0.2M Tris-HCI (pH 6.5) 






+++ 




4 


5M GuHCI, 0.2M Tris-HCl (pH 6.5) 






+++ 


35 


5 


5M GuSCN. 1.5M UCI, 0.2M NaOAc-HQ (pH 4.0) 




+++ 




6 


5M GuSCN, 0.2M NaOAc-HCI (pH 4.0) 


++ 


++ 


+ 




7 


5M GuSCN, 1.5M UCI. 0.2M Tris-HCI (pH 6.5) 






+++ 




8 


5M GuSCN, 0.aV1 Tris-HCI (pH 6.5) 






+++ 



The results Indicate that an acidic solution for dissolution and adsorption which contained a lithium salt and a cha- 
otropic agent noticeably improved selectivity of the nucleic acid-binding can-ier for RNA adsorption to result in greater 
RNA yields. 

45 This application is based on application No. 183381/1 996 filed in Japan, the content of which is incorporated here- 
into by reference. 

Claims 

so 1 . A method for isolating a ribonucleic add, comprising the steps of: 

(1 ) mixing a sample containing the ribonucleic acid, an acidic solution containing a lithium salt and a chaotropic 
agent, and a nucleic acid-binding can-ier, to adsorb the ribonudeic acid onto said can-ier; 

(2) separating the rftwnudeic add4x)und carrier from a liquid phase: and 
55 (3) eluting the rbonudeic acid from said can-ier. 

2. The method for isolating a ribonudeic acid according to claim 1 , wherein the chaotropic agent is selected from the 
group consisting of guanidine salt, urea, iodide, perchlorate and (Iso)tiiiocyanate. 
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3. The method for isolating a ribonucleic acid according to claim 2, wherein said guanidine salt is a member selected 
from the group consisting of guanidine hydrocNoride. guanidine acetate, guanidine phosphate, guanidine (iso)thi- 
ocyanate, guanidine sulfate and guanidine carbonate. 

5 4. The method for isolating a ribonucleic acid according to claim 2, wherein said iodide is a member selected from the 
group consisting of sodium iodide and potassium iodide. 

5. The method for isolating a ribonucleic add according to claim 2, wherein said perchlorate is a member selected 
from the group consisting of sodium perchlorate. potassium perchlorate, lithium perchlorate and amnwnium per- 

10 chlorate. 

6. The method for isolating a ribonucleic acid according to daim 2. wherein said Oso)thiocyanate is a member 
selected from the group consisting of sodum (iso)thiocyanate, potassium (iso)thiocyanate and ammonium (iso)thi- 
ocyanate. 

IS ' . - ' 

7. The method for isolating a ribonucleic acid according to claim 1 , wherein said sample containing the ritwnucleic 
acid is a member selected from the group consisting of serum, Nood, tissue, urine, stool, saliva, cell isolated from 
a biological material and cultured cell. 

20 8. The method for isolating a ribonucleic acid according to daim 1 . wherein said lithium salt is an inorganic lithium salt 
or an organic lithium salt; 

9. The method for isolating a ribonudeic acid according to claim 1 , wherein said lithium salt is at least one member 
selected from the group consisting of lithium chloride, lithium acetate, lithium citrate, lithium cartjonate, lithium 

25 hydroxide and lithium borate. 

10. The method for isolating a ribonudeic acid according to claim 1 . wherein said addic solution has a pH of not more 
than 6.0. 

30 11. The method tor isolating a ribcipudeic add according to daim 1 , wherein said nudeic acid-binding earner contains 
silica. 

1 2. The method for isolating a ribonucleic acid according to claim 1 , wherein said nudeic acid-binding carrier is a par- 
ticle. . . • 

35 

13. The method for isolating a ribonupleic add according to daim 1 . wherein said nucleic acid-binding carrier contains 
a supermagnetic metal oxide. 

14. The method tor isolating a ribonucleic acid according to daim 1 , further comprising a step of washing said ribonu- 
40 Cleic acid-bound can-ier with a washing solution, after isolation of said ribonudeic acid-bound canier from the liquid 

phase. 

15. The method for isolating a ribonudeic acid according to daim' 1 , further comprising a step of washing said ribonu- 
cleic acid-bound carrier with a washing solution containing a chaotropic agent, after isolation of said ribonucleic 

45 acid-bound carrier from the liquid phase. 

16. The method for isolating a ribonudeic add according to claim 15, further comprising a step of washing the ribonu- 
cleic acid-bound carrier with a buffer having a low salt concentration, after washing the canrier with the washing 
solution containing the chaotropic agent. 

so 

17. The method for isolating a ribonudeic acid according to claim 16. wherein said buffer has a salt concentration of 
not more than 100 mM. 

18. The method for isolating a ribonudeic add according to daim 16. further comprising a step of eluting the ribonu- 
55 cleic acid using a solution capable of eluting the ribonudeic acid, from the ribonucleic acid-bound canrier. after 

.washing the carrier with the buffer. 

19. The method for isolating a ribonudeic add according to daim 1 , wherein the ribonucleic acid is eluted from the ribo- 
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nucleic acid-bound carrier by heating the carrier. 

20. The method for isolating a ribonucleic acid according to claim 1, wherein the nucleic acid-binding carrier contains 
a supermagnetic metal oxide, and the carrier canrying the ribonucleic add is isolated from the liquid phase using 
an isolation magnetic field. 

21. A method for Isolating a ribonucleic add. comprising the steps of: 

(1) mixing a sample containing the ribonucleic acid, an acidic solution containing a lithium salt and a guanidine 
salt or urea, and a nudeic acid-binding canrier. to allow adsorption of the rbonudeic acid onto said earner; 

(2) isolating the ribonucleic acid-bound carrier from a liquid phase: and 

(3) eluting the ribonudeic acid from the rit)onucleic acid-bound carrier. 

. ■ .1 • 

22. A method for isolating a ribonudeic add. comprising the steps of: 

(1) mixing a sample containing the ribonudeic add. an addic solution (pH not more than 6.0) containing one 
or more lithium compouncte seleded from the group consisting of lithium chloride, lithium acetate, lithium cit- 
rate, lithium carbonate, lithium hydroxide and lithium borate, and a chaotropic agent selected from the group 
consisting of guanidine salt, urea, iodide, perchlorate and Oso)thiocyanate. and a nucleic acid-binding earner 
containing a supennagnetic metal oxide, to adsorb the ribonudeic add onto said carrier; 

(2) separating the ribonucleic add-bound carrier from a liquid phase using a magnetic field; 

(3) washing said ribonucleic acid-bound earner with a washing solution containing a chaotropic agent selected 
from the group consisting of guanidine salt. urea, iodide, pefchlorate and (iso)thiocyanate and separating said 
ribonucleic add-bound carrier using a magnetic field; 

(4) washing the can-ier with a buffer having a low salt concentration of not more than 100 mM and separating 
said ribonudeic add-bound carrier using a magnetic field; and 

(5) eluting the ribonudeic add wrth a solution capable of separating the ribonudeic add from said carrier. 

23. A reagent for isolating a ribonudeic add, which comprises: 

(a) a solution (pH not more than 6.0) for dissolution and adsorption, which contains one or more lithium com- 
pounds selected from the group consisting of lithium chloride, lithium acetate, lithium citrate, lithium carbonate, 
lithium hydroxide and lithium borate and a chaotropic agent selected from the group consisting of guanidine 
salt. urea, iodide, perchlorate and Oso)thiocyanate; 

(b) a nucleic acid-binding carrier selected from the group consisting of silica, cellulose, nitrocellulose, latex and 
hydroxyapatite; 

(c) a washing sdution containing a chaotropic agent selected from the groip consisting of guanidine salt. urea, 
iodide, perchlorate and (iso)thioeyanate; 

(d) a washing solution which is a buffer having a low salt concentration of not nrare than 1 00 mM; and 

(e) a solution for eluting the ritx)nucleic acid from the carrier. 

24. The reagent for isolating a ribonudeic acid according to claim 23. wherein said nudeic acid-binding earner contains 
a supermagnetic metal oodde. 

25. A method for produdng a cDNA, comprising reacting a ribonucleic add isolated according to the method of claim 
1 . with a mixture of a reverse transcriptase, a ribonuclease inhibitor, dNTPs, a primer for reverse transcription and 
a buffer for reverse transcription reaction, and synthesizing the cDNA from the ribonucleic add. 

26. A method for produdng a cDNA, comprising reacting a ribonudeic acid-bound carrier obtained by the method of 
claim 1 . with a mixture of a reverse transaiptase. a ribonudease inhibitor. dNTPs. a primer for reverse transcription 
and a buffer for reverse transcription reaction, and synthesizing the cDNA from the ribonucleic add. 



:EP 081B461A2J_> 



10 



EP 0 818 461 A2 



K I G. 1 



12 3 



I 4 



genomic DNA 

28S rRNA 
18S rRNA 



11 



EP 0 818 461 A2 



F I G. 2 



12 3 



objective 

amplification product 



SDOCIDi <EP 08ie4eiA2_L> 



12 



EP 0 818 461 A2 



K I G . 



1 2 3 4 5 6 



objective 

amplification product 



13 



(19) 




(12) 



Europaisches Patentamt 
European Patent Office 

Off ice europeen des brevets (11) EP0818 461 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

ia02.1999 Bulletin 1999/06 

(43) Date of publication A2: 

14.01.1998 Bunetin1998y03 

(21) Application number: 97111798.1 

(22) Date of filing: 11.07.1997 



(51) lnt.Cl.«: C07H 1/08. C12Q 1/68 



(84) Designated Contracting States: 

AT BE OH DE DK ES R FR GB GR IE IT LI LU MC 
NL PT SE 

(30) Priority: 12.07.1996 JP 183381/96 

(71) Applicant: 

Toyo Boseki Kabushiki Kalsrra 
Osaka-Shi Osaka 530 (JP) 

(72) Inventors: 

• Kurolta, Toshihiro, 
c/o Toyo Boseki 
Tsuruga-shI, Fukul 914 (JP) 



• Kamimura, Hideki, 
c/o Toyo Boseki 
Tsuruga-shI, Fukul 914 (JP) 

• KawakamI, Bunsei, 
c/o Toyo Boseki 
Tsuruga-shI, Fukul 914 (JP) 

• Kawamura, Yoshihisa, 
c/o Toyo Boseki 
Tsuruga-shI, Fukul 914 (JP) 

(74) Representative: 

von Kreisler, AIek, Dipl.-Chem. et al . 

Patentanwdlte, 

von Krelsler-Seltlng-Wemer, 

Bahnhof svorplatz 1 (Deichmannhaus) 

50667 Kdin (DE) 



(54) Method for isolating ribonucleic acid 

(57) A method for isolating a ribonucleic add, v^^ich 
comprises dissolution of a sample containing the ribo- 
nucleic acid, such as cells, in an acidic solution contain- 
ing a lithium salt and a chaotropic agent, bringing the 
ribonucleic acid into contact with a nucleic acid-binding 
can-ier such as silica particles, thereby to allow selective 
adsorption of the ribonucleic acid alone onto said car- 
rier, and eiuting the ribonucleic add from the nudeic 
acid-bound carrier; a reagent therefor; and a method for 
produdng a cDNA from the ribonudeic add isolated by 
this method. According to the present invention, a high 
purity ribonudeic acid can be isolated quickly and safely 
from a sample containing the ribonudeic acid. 



CO 
< 

CO 
CO 

o 

Q. 

UJ 

Prinffid by Xerox (UK) Business Services 
2.16.7/3.6 



EP 0 818 461 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numtier 

EP 97 11 1798 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of cioctimGnt with tndcation« where appropriate, 
of retevant passages 



Relevant 
to claim 



CLASSFICA710N OF THE 
APPUCATtON (lnLCI.6) 



A 
A 



WO 95 34569 A (BENDZKO PETER ;HItLEBRAND 
TIMO (DE); INVITEK GMBH (DE); PETERS LAR) 
21 December 1995^ 

* the whole document * 

US 5 155 018 A (GILLESPIE DAVID ET AL) 
13 October 1992 

* the whole document * 

WO 96 18731 A {DYNAL AS ;DZIEGLEWSICA HANNA 
EVA (GB); DEGGERDAL ARNE HELGE (NO); L) 
20 June 1996 

* page 3 - page 4 * 

EP 0 389 063 A (AKZO NV) 26 September 1990 

WO 92 18514 A (MINNESOTA MINING & MFG) 
29 October 1992 



The preseril eeareh report has been drawn up for. all claims 



1-26 



1-26 



22 



C07H1/G8 
C12Q1/68 



TECHNICAL RELOS 
SEARCHED (IntCU) 



CG7H 

C12Q 



MUNICH 



Dale 01 complctjon c« ttta •earch . 

16 December 1998 



Bardili, W 



CATEGORY OF CITED D0CUME^frS 

X : particulaiiy retevant tf taken alone 

V : particularty relevant it combined wim another 

documerrt of the tame category 
A : technological tuckgmund 
O : non-wntten dtsebsure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but pubfohed on, or 

after the Utng date 
D : document cited in the applicatton 
L : document cited for other reasorta 

& : rmrnber o( the tame patent (amity. eomBponong 
document 



2 



.081 8461 A3_L> 



EP 0 81 8 461 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 97 11 1798 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is In no way liable for these particulars which are merely given for the purpose of information. 

16-12-1998 



Patent document 
cited in search report 


Publication 
dale 


Patent family 
memberfs) 


Publicalbn 
uGue * 


wo 9534559 


A 


21-12-1995 


DE 


4422040 A 


' 21-12-1995 








DE 


4422044 A 


21-12-1995 








DE 


4447015 A 


04-07-1996 








EP 


0765335 A 


02-04-1997 








JP 


10501246 T 


03-02-1998 


US 5155018 


A 




NONE 








WO 9618731 


A 


UO 137U 


AU 


4182996 A 


03-07-1996 










2207608 A 


20-06-1996 








EP 


0795327 A 


24-09-1997 


EP 0389063 


A 


26-09-1990 


NL 


8900725 


A 


16-10-1990 








AT 


156830 


T 


15-08-1997 








AU 


641641 


B 


30-09-1993 








AU 


5215390 


A 


27-09-1990 








CA 


2012777 


A 


23-09-1990 








DE 


69031237 


D 


18-09-1997 








DE 


69031237 


T 


02-01-1998 








DE 


389063 


T 


10-10-1996 








DK 


389063 


T 


30-03-1998 








EP 


0819696 


A 


21-01-1998 








ES 


2085245 


T 


01-06-1996 








GR 


96300019 


T 


31-03-1996 


• 






GR 


5025351 


T 


27-02-1998 








JP 


2289596 


A 


29-11-199G 








JP 


2680462 


B 


19-11-1997 








JP 


10072485 


A 


.17-03-1998 








US 


5234809 


A 


10-08-1993 


WO 9218514 


A 


29-10-1992 


AU 


1978692 A 


17-11-1992 





For more details about this annex : see Offtaa) Journal of the European Patertt Office, No. 12/82 



